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n = 1, 2, . . .
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1 − p∗ ¥9Tnlcª|ZyhbtvY@Zapr{p|yyvtv¨nbZ5°dZawhla]EnlpeYhbUZawp|dnl~Z hbpuhbUXZ'nbZ5~"Zt|ZnxaceX}¯hlnlcª|Zy¢hbtvY Z5a pr²± 
 «NaEnbp|Y hbUZ9nbZ5~"Zt|ZnxaNhbphbUXZ9abpednx~"ZcrnlZabd{{4p|abZ}7hlp4ZuZ|ytvetvyvZ
thbUnbZ5aw{4Z~"hRhbp

































Zfg{p|ZhbtcryV}gtakhlnbtvdghltp| thbU ¬ thbZuY@Zcr
1/µ
­BEdnbhbUXZn@t}gZ{4ZX}ZhprzhlUZ9cenbnltvªceyR{nlpg~"Z5aba
<;Y@penlZeZXZnxcryLcrnlnltFcryo{Xnbpg~"Z5ababZaN~cr¯4Z~"p|Xawt}gZnbZ5}abZZ'^zZYcrn ®¥[2>-¥  hlUtaabZ"hwhltXX­hbUZ






nxcr}gpeY*FcenbtcryvZ <;^ K >t¤hlU7{XcrnxcrY@Z"hlZn
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NT (t) → ∞
cX¥ a¥³cea
T → ∞ ­#Z'tvyy#tvXakhlZc|}¯¢p|n t¤hlU7hbUZpenlYcryvt¡Z}®{nlpg~"Zala





, t ≥ 0. <Ù >
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ρT
cea
T →∞ ¥± t~"Z²EZcrhbdnlZ²pe¿hlUZ²{Xnbpg~"Z5aba {ZT (t), t ≥ 0} tva#hlUXcFhVth~pe£eZnb|ZaLhbp@c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ρ
H g­{¦¥L J I¥
 hbUZ Z"f£hawZ5~-hbtvpe¢Z awUXceyyB}gZtabZpe{hbtvY@ceyZ5akhltYcrhbpenxaEp|nihlUZZyZY@Zhla]prohlUZ@awZ5°|dXZX~Z
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awUXceyycealawdY@ZhlUXcFhzhlUZ{nlpg~"Z5aba {X(t), t ≥ 0} tvait¨Z5°|dXtyvtnltvdY cFhhltY@Z
t = 0
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0 ≤ s ≤ t ­£Enbp|Y Ut~xU9t¤hEp|yyvpFza#hbUXcrh












TVUXZ^ K  a {wn, n = 0, 1, . . .} crnlZ]tÙ¥ tO¥ }¥othbU
wn ∼ N(0, Q), n = 0, 1, . . .
< J >
<OawZZZe¥ X¥ H ­{¦¥[ &I >RthbU
Q
etveZ9£j










= ρ (1− γ2).
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X(0) = ξ0 ∼ N(0, ρ)
­Ut~xUtvY@{ytvZaEnbp|Y <E">¢hbUXcrh
~pF
(ξn, ξn+1) = γρ, n = 0, 1, . . . .
<  >
GL°dXcrhbtvpe <E">@ZawhlceyvtvabUZac7abtvY {XyZ¨p|Z"penx}gZn@nlZ~dnlabtveZuZ"fg{nlZalawtvpenbZyvcrhbtv®hbUZakhxcFhbZ¨pe






















ζi(n) = 0pehbUZnbtabZe¥µXnbp|Y*hbUXZ}gZ ¬ t¤hltp|7prVhbUXZY pg}gZyRthtaawZZ¯hlUXcFh5­~peX}gthbtvpeXZ}®pe
NT (nS) = k
­
ζ1(n), . . . , ζk(n)
crnlZtÙ¥ tÙ¥ }¦¥§#ZnlpedyvyvtB^ K  a]t¤hlU  [ζi(n)] = p∗ ¥TVUZ ~peX}t¤hltp|XcryZ"fg{4Z~-hxcFhltp|ceX}9FcrnltvceX~"ZprhbUXZNdXY4ZnzpeB± 















 = NT (nS) p


















, n = 0, 1, . . . .
<k[5;>
UXtv~xUu~ce4ZNnbZnbthwhlZ¨cea
YT (n) = p











T → ∞ t <k[|[&>-¥  htva]abUpF³tv³hbUXZ±z{X{ZX}gtf³hbUXcrh²hlUZnlZZfgtvawh²tÙ¥ tÙ¥ }¥^ K  a {vn, n = 0, 1, . . .} t¤hlU
vn ∼ N(0, R), n = 0, 1, . . .
<k[Q>
thbU
R := ρ p∗ (1− p∗) ­£tvX}gZ{ZX}gZh#pr {wn, n = 0, 1, . . .} ­£abdX~xUhbUcFh {vk, k = n, n+1, . . .} tatvX}gZ{ZX}gZ|h]pr {ξk, k = 0, 1, . . . , n} Epen n = 0, 1, . . . ­=crX}¨abdX~xU9hbUXcrh YT (n) ¢Z5c £yj9~"p||ZnleZ5ac|a
T →∞ hbpc@^ K yn thbU9hbUZNnlZ{XnbZ5awZ|hxcFhltp|
yn = p
∗ξn + vn, n = 0, 1, . . . .
<k[Q>
TVUXZ]{Xnbp|{ZnwhltZ5aVZFqkpFj|Z}j'hbUZ^ K  a
vn




M := ρ p∗
­XceX}
~"pF




n = 0, 1, . . .
¥
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εn = ξn − ξ̂n
hlUZZ5akhltYcFhltp|7Znlnbp|n¥¨TVUZ
Z5akhltYcrhbpenVhlUXcFh²Y tvtvY@t¡ZahlUZY@Zce³ab°dXcenbZpehlUZZ5akhltYcFhltp|uZnlnbp|ntvaietveZu£j'hlUZNEp|yyvpFtX




















n = 1, 2, . . .
­Vt¤hlU





¥   <w[  >
Kn
ta²~cryvyZ5}uhbUZ ¬ yhbZn]|cet¿¥AGL°dXcrhbtvpe <w[;>
taVhlUZawhlcFhlZNZawhbtvYcFhbZZ°dXcFhltp|¨crX}9thitvazhbUZabdY prLcruZfhlnlce{p|yvcrhbtvpehbZnbY crX}upeBce¨d{4}XcFhbZ
hlZnlYu¥
TVUZcr4pFeZ ¬ y¤hlZnY tvtvY@t¡Za@hlUZabdY pe]Y@Zce ab°dXcenbZuZawhbtvYcFhltp|$Znbnlpenxa dhbtvyzhltY@Z
nS
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pF etveZ5aVhbUXZakhlZc|}gjawhlcrhbZNFcrnltvceX~"ZNpeBhbUZZ5akhltYcrhbtvpe¨Znlnlpen5¥  hitazp|ghlcetZ5}¨ceaVhlUZdXtv°dZ
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)P −RQ = 0.
?®Z ¬ X}
P =



































^Z5~ceyy]hbUcFhuhbUZ¯{nlpg~"Z5aba {NT (t), t ≥ 0} }gZ5ab~nbtv4ZahbUZ¯£dYZn9pedXabj abZnleZnlat cr
M/M/∞ °dZdZ9t¤hlUcrnlnltFcry¢nlcrhbZ λT crX}awZnb£t~"Z'nxcFhlZ µ ¥   NT (0) = 0 ­ocrY@Zyvj¯hbUZuabj£awhlZY*taNtvthbtcryvyj³ZY@{ghkje­hlUZ¯#ZXpF £jTc
	e~a H [  ­TVUY [|­¦{{¦¥v[  Fx[  [UIhlUXcFh  [NT (t)] =
ρT (1− e−µt) Epenzce£jhbtvY@Z t ¥  9{crnbhbt~"dycrn5­  [NT (t)] = ρT tv9awhbZ5ce}gjáakhxcFhbZ









|t|Zutv <OrQ>-¥ 9 hlcenwhltXEnbp|Y  [ξ̂0] = 0 thitaiabZZuEnbp|Y <Oe;>VceX}=<k[Q>¢hbUcFh  [ξ̂n] = 0Ep|n
n = 0, 1, . . .



















T (zT (nS)− ξn)
­abphbUXcrh



































abZ~r­gnlZab{4Z~-hlt|Zyvj <;abZZ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}XcFhlc crX} hbUZY Z5cr yvp|c|}
ρT
¥Jµp|nZ5ce~xU abtYdycFhbtvpe¿­VhbUZ®{ZnwEp|nbYceX~"Z³peNhbUZ®ZawhbtvYcFhlpenta
~peyvyZ5~-hlZ} tTcryvZN[e¥BTVUZ ¬ nxawhR~"peyvdY@@etveZ5a¿hlUZ² J  {4Znx~"ZhltyvZe­ehbUZzabZ~peX}hbUXZY Z5}gtcr@FcryvdZe­
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T → ∞ hbp¨c9penlYcryo^ K `n thbU¯Y@Zcr®¡Znbpucr}FcenbtcrX~Z
p∗ (1− p∗) ¥ GL°dtFceyZ|hlyj|­gEpenzce£j'p|dX}gZ5}u~"pehlt£dp|dXa¢EdX~-hltp| f ­
lim
m→∞
 [f(Z(m,n))] =  [f(`n)].
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lim
T→∞
 [f(VT (n)) |NT (nS)] =  [f(vn)] <Ùr;>
UXZnlZ
vn = ρ `n
tazc p|nbYcry^ K t¤hlU9Y@Z5cr9¡ZnlpcrX}FcrnltvceX~"Z







 [f(VT (n)) g(ZT (nS))] =
= lim
T→∞
 [  [f(VT (n)) g(ZT (nS)) |NT (nS)]]
= lim
T→∞
 [  [f(VT (n)) |NT (nS)] g(ZT (nS))]
= lim
T→∞
 [{  [f(VT (n)) |NT (nS)]− f(vn)} <OrQ>
×{g(ZT (nS))− g(ξn)}] +  [f(vn)]  [g(ξn)]
=  [f(vn)]  [g(ξn)] <Ù J >
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ρp∗ (1 − p∗) ­zEdnbhbUZntvX}gZ{ZX}gZ|hupr {wn, n ≥ 0} ceX} abdX~xU hbUXcrh­iEpen9ZeZnbj n ≥ 0 ­zhlUZ
{vk, k ≥ n}
cenbZ tvX}gZ{4Z}gZhpe {ξ0, ξ1, . . . , ξn} ¥ iX}gZnhbUta~peXawhbnldX~-hltp|¦­¦#Z}gZ}gd~"Z@EnlpeY<Ù J >LhlUXcFh
lim
T→∞
 [f(VT (n)) g(ZT (nS))] =  [f(vn) g(ξn)]
p|n­|Z°dtvFcryvZhbyvje­|hbUXcrh
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T → ∞ hlpc¨^ K yn awdX~xU¯hlUXcFh
yn = p
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p∗ = 0.01, S = 1
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p∗ = 0.01, S = 1
awZ5~D>:¿hlUZiUZ5cª£j
yvp|c|}~ceabZ
λT = 1/185.9s−1, µ = 1/37180s−1
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λT = 1/185.9s−1, µ =
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λT = 1/248.3s−1, µ =
1/15759s−1, p∗ = 0.01, S = 1s
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λT = 1/248.3 sec-1, µ = 1/15759 sec-1
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